Introduction
Relatively little is known regarding the quality of life (QOL) among people with epilepsy (PWE) in low-and middle-income countries (LMICs), even though 80% of PWE live in the developing world [1] . While QOL in epilepsy has been summarized in a systematic review of 86 studies in 2011, 61 of those 86 were derived from Europe and North America, all of which were higher income settings [2] . In that review, seizure frequency; seizure severity; and depression, anxiety, and other comorbidities were strongly associated with a lower QOL. The evidence for educational level, employment, and antiepileptic drugs (AEDs) as predictors of QOL was inconclusive.
Available data from high-income countries may not transpose readily to LMICs for several reasons: (1) higher levels of absolute poverty, (2) limited access to health care and medications, (3) a dearth of specialized healthcare workers; (4) increased perceived stigma toward PWE, (5) fewer AEDs generally available, (6) available AEDs often being older generation medications that may have more side effects, and (7) employment and its relationship to wealth being considerably different [1, 3, 4] . Mitigating these factors may be a stronger sense of community and social support as well as an overall higher QOL in the general population in some LMICs [5] .
The present study aims to clarify the relationship between wealth, education, and QOL alongside the more generally studied clinical and demographic predictors of QOLIE. Using data from a prospective cohort in the lower middle-income country of Bhutan, a landlocked country in the Himalayan Mountains, we report the predictors and relationship of social, economic, clinical, and demographic variables with QOL in PWE. Seizure 39 (2016) 
Study setting and population
The Jigme Dorji Wangchuck National Referral Hospital (JDWNRH) provides tertiary care to people from all 20 districts of the Kingdom of Bhutan. PWE are referred to the country's only psychiatrist for epilepsy management at the JDWNRH. In a 2014 Human Resources for Health country profile of Bhutan, there were 41 medical specialists for a total of approximately 742,000 inhabitants [6] . There are no neurologists.
183 adult participants were enrolled. Eleven participants were subsequently excluded for not meeting diagnostic criteria for epilepsy, having had only one seizure each. Table 1 summarizes demographic and clinical characteristics of the 172 remaining subjects; there was no statistically significant difference between sexes.
The assets and wealth survey found that nearly all households of PWE used electricity in Bhutan; however, only a third of households owned their homes (Table 2 ).
Data collection and tools
Bhutanese outpatients, ages 19 years and older, were interviewed prospectively (August 2014-April 2015). Participants were included if they had diagnosed or suspected epilepsy. Each patient was interviewed by a neurologist and/or psychiatrist and screened for non-epileptic behavioral events to reduce the likelihood that participants had psychogenic non-epileptiform seizures (PNES). Participants with associated psychiatric disorders that were not epilepsy were excluded. Structured surveys were provided on paper in English, the working written language in Bhutan, or were offered as an oral translation into Dzongkha, the official and more commonly spoken language. Collected data also included sociodemographic characteristics and clinical parameters of epilepsy diagnosis and management. Patients were asked directly to rate their perception of epilepsy stigma on a 1 through 5 scale, and this ''perceived epilepsy stigma'' value was used as the predictor of interest in regression analyses.
Quality of life measurement
The QOLIE-31 is a widely-adopted, epilepsy-specific, 31-question inventory developed in the United States to assess seven domains relevant to PWE: overall quality of life, seizure worry, emotional well-being, energy/fatigue, cognitive, medication effects, and social function [7] . Overall health is reported in an additional question. The inventory has been validated and translated into at least 12 languages [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Since a minority of the cohort drives motor vehicles, the QOL question relating to driving was eliminated and scoring was re-weighted in that subscale to the number of available questions.
The scoring procedure converts raw numeric values of items to scores of 0-100, where higher scores reflect a better QOL. An overall score is obtained by using a weighted average of the multiitem scale scores [20] . Scoring of responses was entered into a secure, centralized database. All score calculations were confirmed by two independent reviewers.
Economic assessment
Each participant was invited to complete a household assets survey. This survey was based on the Multiple Indicator Cluster Survey (MICS) used by UNICEF [21] and refined by the authors to be relevant for PWE as well as the Bhutanese context.
A wealth index was created using polychoric principal components analysis based upon questionnaire responses. Wealth is composed of all household assets (agricultural and other) and availability of cooking fuel and electricity in the household. These measures are then utilized via the polychromic principal component techniques to rank households based upon ownership and variance of these items on a continuous scale [22] . The result is an index that ranks households and identifies, in relative terms to other households, a household's wealth. This wealth index was then divided to place respondents into different wealth quintiles.
Statistical analysis
To analyze the association of QOL in PWE with wealth, education, age, sex, and epilepsy-related characteristics, a multivariable linear regression framework was used. In the analyses, we included factors that were significant (p < 0.05) on univariate analysis or were decided a priori by the authors to be relevant to the study question. For instance, seizure type was included because its impact on QOL in epilepsy has been variably reported in the literature [2, 23] . Robust standard errors were employed to account for heteroscedasticity in model residuals. The outcome variables were the continuous scores (0-100) for the various aspects of QOL including the QOLIE-31 total and subscale scores. The educational attainment variable was broken down into dummy variables for each category (excluding no education to prevent over-identification) and the most extensive model (model 3) was re-run to display the level of education at which the effects on QOL become significant. A medication-resistant subgroup, defined as patients without seizure freedom in the past year and taking two or more AEDs, was identified and analyzed both within the larger cohort and separately in order to identify whether unique findings arose.
Results
The QOLIE score in Bhutanese PWE was low (median 48.5, mean 48.6, standard deviation 17.73), with a statistically significantly different overall QOLIE-31 score between male and female participants. The energy/fatigue and cognitive functioning subscale scores were also statistically different by sex. Table 3 presents the mean total and subscale scores of the QOLIE-31 inventory. Of the seven subscales, the seizure worry score led to the lowest scores (mean 33.2, SD 24.5).
The results of univariate and multiple linear regression analyses are summarized in Table 4 . The multivariate linear regression yielded younger age, lower educational attainment, and increased stigma as statistically significant, independent risk factors for a lower QOLIE-31 score (p = 0.02, p = 0.006, and p = 0.001 respectively). We completed exploratory analyses of several models; in all models tested, the effect of sex was non-significant when education was taken into account (models 1 and 2, Table 4 ). Education appeared to be most strongly associated with QOL at the high school and college levels. Educational level did not represent location of residence (e.g. urban versus rural location) given that the effect of education was still statistically significant when a person's location of residence was taken into account. Residence in the capital city, Thimphu, was independently associated with a lower overall self-reported health status but not overall QOLIE.
Regression analyses looking at the subgroup of patients who were medication-resistant did not yield any observed differences in QOLIE-31 scores.
Discussion
Quality of life assessment is a pragmatic endpoint to measure overall functioning in large groups of PWE. Although extremely under-reported from LMICs, QOLIE determination may in fact be most useful in countries such as Bhutan. Significant predictors of poor QOLIE in this study were lower educational attainment, younger age, and increased self-perceived stigma. There was a trend toward seizure in the past year contributing to poor QOLIE, which prior studies have found [2] . Two of these three risk factorseducational level and stigma but not age-may be actively intervened upon to improve QOL in PWE.
Educational attainment may result in better understanding of seizure management and medication adherence, reduced selfperceived stigma, and better access to employment opportunities and income. Higher educational level is also associated with effective development and utilization of coping and adjustment strategies that positively influence QOL [24] . Several pathways of intervention therefore exist to lessen the burden of epilepsy for PWE and the least access to formal education.
Epilepsy duration was positively correlated with overall QOL among 45 older adults aged 60 or older in a study based in Japan [25] , suggesting that older adults may adapt better to their chronic health problem. However, the impact of age on QOL has not been consistent in the literature, particularly given different age cut-offs [26] . In the systematic review of QOL predictors, age was found unlikely to be associated with QOL [2] . Age may be culturally influenced as a risk factor in QOL. Our results from Bhutan concur with the systematic review results that sex, type of seizure, age at diagnosis, and duration of epilepsy were not statistically significantly associated with QOL.
The impact of stigma among PWE in both developed and developing countries has been well established in the literature, including being an independent association with QOL even when seizures are controlled [27] [28] [29] . More than a decade ago, the World Health Organization, the International Bureau of Epilepsy and the International League against Epilepsy mobilized a global campaign called Out of the Shadows with a major theme being reducing stigma [30] . Interestingly, better health system performance and higher health expenditure per capita do not necessarily lead to a reduction in perceived epilepsy-related stigma unless the health system invests in awareness programs to increase public knowledge to reduce stigma [31] . Stigma may therefore be a modifiable influence on QOL in PWE in countries of all income levels.
Asian LMICs, such as Bhutan, have been particularly absent in the literature on QOLIE [32] . African countries have been far more represented than Asian countries in the epilepsy literature in the past decade [33] . This is despite there being a higher population and burden of neuropsychiatric conditions in Asia [33] . Therefore very little can be definitively stated about the influence of culture versus economic status of countries in this region, and although we have attempted to measure and analyze wealth quintile in this study, we are aware that there is no simple metric for the impact of culture or tradition.
The Gallup-Healthways Global Well-Being Index in 2014-which comprise five elements of well-being (purpose, social, financial, community, and physical)-listed Bhutan among the ten ''least thriving countries'' in the world. For physical well-being in particular, Bhutan ranked the lowest [34] . Although our study only analyzed QOL among PWE, the Gallup Index suggests that QOL among the entire Bhutanese population is low when compared globally. In treating PWE in Bhutan and other LMICs, neurologists can therefore work with public health professionals, to establish greater educational access, rather than simply focusing efforts on disease-specific interventions. QOLIE-31 scores clearly differ among countries based on their income level and world region; however, there is a need for more data on QOL in PWE in LMICs in order to assess what factors contribute to these important international differences. Strengths of our study include the well-characterized group of PWE in a lower income setting and the use of a refined household assets survey created for LMICs to establish wealth, based on the UNICEF's MICS survey. This survey may be useful for other LMICs to assess the economic impact of relative wealth in PWE. To date, little has been reported on the effect of both education and wealth on QOLIE in a lower income country setting. While lower QOL was associated with lower education in other QOL studies [2, 35, 36] , those studies failed to incorporate both wealth and educational status to address whether they differentially impact QOL. Other studies have used certain educational levels-such as literacy-as exclusion criteria [35, 37] , which could dampen the observed effect of education on QOL particularly in LMIC.
This study is limited by a potential referral bias with people with more severe cases of epilepsy more likely to be referred or self-refer to this study; however, this also gave us the unique opportunity to study a subpopulation of PWE who have operationally-defined medication resistant disease. The QOL questionnaire has not been validated in Bhutan and was created in, and for, a Western population. Some questions, such as feeling ''full of pep,'' have no direct cultural translation in Bhutan while other questions such as ''worried about having another seizure'' were easily understood. We also removed the driving question in the QOLIE-31 scoring in Bhutan given the few participants who have access to motor vehicles in this population. Whether this was appropriate for all participants is debatable. Likely, the removal of the driving question led to under-counting the impact of epilepsy among people who would otherwise drive. Bhutan has no driving laws related to PWE, making the impact on this minority (likely $10% of study population who could access a car) uncertain.
Another limitation is that separate depression and anxietyspecific inventories were not collected to assess how psychiatric issues among PWE impact QOL. Psychiatric symptoms have gained more attention from epileptologists because of the increasing recognition of their role in QOL. This has been shown to be particularly true in medication-resistant epilepsy [38, 39] . In our study, differences between the medication-resistant group and non-medication resistant group were not observed.
In conclusion, PWE in Bhutan have a low QOL. Factors most significantly predictive of improved QOL are increased age, higher education, and decreased self-perceived stigma. The latter two are modifiable factors, suggesting solutions to improving the lives of PWE in LMICs are often not found in the epilepsy clinic.
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